six-drug multimodal regimen and compare it to our previous use of epidural analgesia.
METHOD
The study was approved by the Northern Tasmania Health and Medical Human Research Ethics Committee. Permission was also obtained from the hospital involved. The study design was a case series audit with historical controls undertaken within an established surgical practice.
Analysis of medical records was undertaken for all patients between the ages of 20 and 90 years who had had a laparotomy for colorectal surgery under the care of a single surgeon (MN) and anaesthetist 2004).
In the two-and-a-half-year period after April 2002 there were 61 such patients. All were recommended medical problems (poor respiratory function secondary to bronchiectasis, severe obstructive sleep apnoea) who were offered only epidural analgesia. Five other patients elected to have epidural analgesia. The 54 patients who received the six-drug multimodal analgesia regimen formed the multimodal analgesia (MM) group.
In the two-and-a-half-year period prior to April recommended epidural analgesia, apart from two with medical contraindications (thrombocytopenia, Harrington rods) who were offered standard patient controlled analgesia (PCA). Thirteen other patients elected to have PCA analgesia. The 59 who received epidural analgesia formed the epidural analgesia (EPI) group. The six-drug multimodal analgesia regimen and epidural technique are described in Table 1 . In the EPI group, epidural catheters were inserted preoperatively at a level corresponding to the dermatome in the middle of the anticipated incision. Epidural loading doses and infusion rates were tailored to patient age and condition and titrated to effect. Boluses of 5 ml of solution were given for postoperative pain and the infusion rate increased if two boluses were needed. All epidurals were correctly placed and functioning initially. If they became inadequate on a later postoperative day, parenteral morphine was used as a supplement or replacement.
Multimodal drug doses were also adjusted according to individual patient age and condition. Routes of administration varied early in the study period although the increasing availability of parenteral formulations made intravenous administration of all intraoperative drugs feasible eventually. Regular postoperative tramadol and paracetamol were given orally if possible. Patients with contraindications to substitute drug of the same class or in a few cases had that component omitted. both groups were treated by the same surgeon and anaesthetist, given a similar relaxant-volatile type of general anaesthesia and cared for under the same pre-and postoperative nursing protocols. The only exception being that EPI patients were routinely admitted to a high-dependency unit (HDU) while the epidural infusion was in progress. All patients received prophylactic antibiotics and thromboembolism prophylaxis with intraoperative intermittent calf compression, unfractionated subcutaneous heparin and compression stockings. Pain scores at rest were assessed by a standard 11 point (0-10) verbal rating scale. Hourly pain scores for individual patients were averaged over each day. The maximum pain score at rest each patient reported on each day was also analysed. Pain scores at rest were regularly and reliably recorded in both groups, whereas pain scores on movement/coughing were less routinely recorded and therefore could not be analysed.
All complications that were recorded were noted.
paralytic ileus-vomiting, abdominal distension and absent bowel sounds for >24 hours treated with confusion and disorientation for >24 hours or severe enough to require sedation; respiratory depressionapnoeic episodes or reduced respiratory rate treated with naloxone.
Other side-effects and problems with analgesia episode of low blood pressure treated with intraepisodes of postoperative nausea and vomiting were not always recorded, so the administration of antiemetic medication, which was well documented, was used as an indication that a patient suffered from as a sensory block to cold above T2 and "motor block" as lower limb weakness preventing ambulation for >24 hours. Statistical analysis was by multivariate regression, with all estimates adjusted for the potential confounding factors of age, body weight, gender, ASA score, emergency surgery and use of rectal anastomosis or transverse incision. Group means±standard deviations (SD) and P values, or mean difference with and P values are reported depending on context. The comparability of the demographic characteristics of the two groups was assessed by general linear modelling for continuous data and by ordinal logistic regression for categorical data. Pain score differences were estimated by general linear modelling, with P values estimated by ordinal logistic regression (a rank order equivalent of general linear modelling) for interval data. Differences in the distribution of pain scores in terms of positions of different centile values were estimated by quantile regression. The average daily incidence rate of hypotensive episodes in the two groups was calculated by Poisson regression. The duration of operating theatre times and lengths of stay was compared by general linear modelling. There was inadequate power to compare the incidence of complications so this is not reported. All statistical analyses were performed using Stata Statistics/Data Analysis Version 9.2 (StataCorp, College Station, Texas, U.S.A.).
RESULTS
The demographic characteristics of both groups were similar, except that a transverse incision was used in fewer patients in the MM group than the EPI group (Table 2) .
Mean pain scores at rest were satisfactorily low postoperative days MM patients averaged a score of 1.2±1.2 vs. 0.4±0.46 in the EPI group (difference 0.8, CI 95% 0.5 to 1.2; P<0.001).
The maximum daily pain score at rest was higher on day of operation (day 0) in the MM group (MM 3.1±3.3 vs. EPI 1.3±2.1; P=0.004), but higher in the EPI group on day 1 (MM 1.9±2.4 vs. EPI 3.8± 3.0; P (MM 2.4±2.7 vs. EPI 2.9±2.2; P=0.71). The maximum pain scores were more widely distributed in the EPI group with a small number having very high scores ( Figure 2 ). On day one the maximum pain scores at the 40th and higher centiles (i.e. the upper 60% of the group) were higher in the EPI group compared to the MM group, whilst on day two the pain scores at the 75th and higher centiles were higher days the maximum score of the EPI group was no different to that of the MM group (MM 2.3±1.9 vs. EPI 2.2±1.7; difference 0.1, CI 95% -0.9 to 0.5;
P=0.58).
There were no deaths within 30 days of operation and none after this period attributable to the surgical episode. Anastomotic leak occurred in three patients (one returned to theatre) in the MM group and two (one returned to theatre) in the EPI group. Four had paralytic ileus.
One patient in the MM group with early dementia and pre-existing left hemidiaphragm paralysis required postoperative ventilation after failing to wake and breathe satisfactorily. This was due to a combination of over-sedation and pulmonary atelectasis in the recovery ward. The patient was extubated the following morning and thereafter recovered uneventfully. There were no complications related to analgesia in the MM group. One patient in the EPI group had the epidural catheter replaced on day two after it was accidentally pulled out and on day eight presented with an epidural abscess. This was drained via laminectomy with no neurological sequelae. Two patients in the EPI group had an episode of opioidinduced respiratory depression. In one 84-year-old this was secondary to epidural fentanyl. The other was the only patient in the series with failure of epidural insertion at a thoracic level and who instead had an epidural at L1. At one stage this provided incomplete wound coverage and supplemental morphine was given via intravenous and epidural routes.
One patient in each group had a small myocardial infarction. In the EPI group two patients suffered a pulmonary embolus and two developed pneumonia. One EPI patient had pneumonia followed by deep venous thrombosis. Delirium occurred in seven EPI patients but was absent in MM patients
The average daily incidence of hypotension in the group (0.66 episodes per day; CI 95% 0.35 to 1.24) compared to that of the MM group (0.13 episodes per day; CI 95% 0.07 to 0.23). Overall, hypotension was 4.8 times (CI 95% 2.1 to 11.0) more frequent in the EPI group. Figure 3 shows the percentage of patients with one or more episodes of hypotension on each postoperative day. Antiemetic administration was slightly lower in the EPI group on days one to four postoperatively but average, 13 MM patients (24%) and 15 EPI patients (26%) received one or more doses of antiemetic each day (Figure 4 ). In the MM group nausea and vomiting resulted in early cessation of tramadol in seven patients, and of the PCA in two.
Other analgesic problems in EPI patients included: the epidural falling out (11 patients) or becoming ineffective (two patients) before planned removal day, high block (seven patients), and motor block (three patients). Epidural or PCA morphine was used to supplement seven EPI patients. Differences in operating theatre times and lengths of stay are shown in Table 3 . The time to administer anaesthesia was an average of 11.8 minutes longer (CI 95% 8.8 to 14.9; P<0.001) for an EPI patient, although the EPI group spent 12 minutes less in the recovery ward (CI 95% 3.1 to 20.9; P=0.008). The average length of postoperative hospital stay was 3.3 days longer in the EPI group (MM 9.8±4.4 vs. EPI 13.1±7.9 days; difference CI 95% 1.1 to 5.5; P=0.003). Sixty-eight percent of this difference could be explained by the 50% longer length of stay in the 32% of EPI patients with complications. When any complications were present length of stay was 6.3 days longer in the EPI group (MM 12.4±7.5 vs. EPI 18.7±8.6; difference CI 95% -0.3 to 12.8; P=0.06), whilst in the absence of complications the length of stay was 1.5 days longer in the EPI group (MM 8.9±3.1 vs. EPI 10.3±3.2; difference CI 95% 0.0 FIGURE 2: Maximum daily pain score at rest: box-plots show the distribution of the 10th, 25th, 50th, 75th and 90th centiles. 
DISCUSSION
In common with an apparent Australian trend, our practice has moved away from using epidural analgesia after abdominal surgery 12 . We found that a multimodal analgesia regimen utilising a combination of six drugs was a very satisfactory alternative.
The quality of pain relief was comparable between the multimodal regimen and the previously used epidural analgesia. Although average pain scores were statistically lower with EPI, on a scale of 0-10 the difference is not likely to be clinically detectable. Peak levels of pain were actually higher in the EPI group on postoperative day one and two. This represents the severe pain that occurred suddenly in some patients when the segmental block receded. The MM group had a more even coverage of analgesia throughout the day. Surgical complications were similar between groups and commensurate with established standards in colorectal surgery 13 . The most serious analgesic complication to occur was an epidural abscess. Although over-represented in this study it is more common than perhaps appreciated, the incidence of epidural abscess after non-obstetric epidural catheter insertion having been quoted as high as one in 800 14 .
Respiratory and thromboembolic complications might have been expected to increase with a change from epidural to multimodal analgesia, whereas we found the opposite occurred. The explanation appears to be that, despite good analgesia, the epidural patients took longer to mobilise due to the encumbrance of the infusion and the side-effects of motor block tempered by the fact this study had low power to detect and compare uncommon serious adverse effects such as these. The delirium that was only present in the EPI group was largely secondary to sleep deprivation, which may have been an unintended effect of having more frequent nocturnal blood pressure observations and being on a highdependency ward.
Nausea and vomiting, as demonstrated by antiemetic usage, did not increase when changing analgesic technique. A secondary peak of EPI antiemetic given parenteral opioids for pain relief after epidural removal. The MM patients were generally off all but oral analgesics by this stage. Whether MM patients genuinely had less pain or were merely accustomed to week cannot be determined from our data, although it makes for interesting speculation.
A welcome saving in anaesthetic time was to be expected with the change in analgesic technique. Shorter recovery ward stay in the EPI group could be explained by the routine transfer to high-dependency of these patients. The big improvement in hospital stay when multimodal analgesia was instituted as the preferred method of analgesia was somewhat surprising. Further analysis was undertaken to determine if this was related to a general trend to shorter stays. This was not found to be the case, the main cause being the higher incidence of complications in the EPI group and the length of stay being longer when complications occurred.
The retrospective nature of this study is an acknowledged and unavoidable weakness. The groups were non-randomised, non-contemporaneous and had inadequate numbers and power to reliably compare all the outcomes reported, particularly the complication rates. As details were taken from case records, comparisons of frequency and severity of some sideeffects may also not be completely accurate. difference found between groups was greater use of a transverse incision in the EPI group. These cases involved less extensive surgery, would have had less postoperative pain and if anything produced a more favourable outcome for the EPI group 15 . Apart from analgesic technique, no other variables could be fact, many potential variables did not occur given the tight internal control of all patients being treated by the same clinicians. The small number of patients private patients who were treated solely by the same anaesthetist and surgeon.
The six-drug multimodal regimen we adopted would be more aggressive than others in common use. all these drugs used individually [16] [17] [18] , but their use in combination is less well documented. In our case series there were no adverse drug interactions, although the regimen may have contributed to one frail patient being slow to wake from anaesthesia and (coupled with a pre-existing respiratory problem) requiring postoperative ventilation. The regimen has proved robust when used for patients outside this study and while some reduction in number or dosage of drugs is tolerated, our impression is that the best analgesia is obtained with the full regimen at the doses described here. Other practitioners and perhaps a larger controlled trial are now needed to validate the safety and The conclusion of this audit for our colorectal surgery practice was a positive one: changing from epidural to multimodal analgesia produced comparable pain relief as well as a reduction in complications, side-effects, staff intervention and hospital stay. This result is in contrast to previous literature where epidural analgesia has been found superior to parenteral opioids used alone or in limited combinations with simple analgesics [1] [2] [3] [4] [5] . Extrapolation of our conclusion needs to be cautious because of the methodological weaknesses outlined above, but it does suggest there may be value in further researching full multimodal analgesia regimens for major lower abdominal surgery.
